Photoelectrochemical (PEC) water-splitting offers a promising method to convert the intermittent solar energy into renewable and storable chemical energy. However, the most studied semiconductors generally exhibit a poor PEC performance including low photocurrent, small photovoltage, and/or large onset potential. In this work, we demonstrate a significant enhancement of photovoltage and photocurrent together with a substantial decrease of onset potential by introducing electrocatalytic and p-type NiO nanoclusters on an n-type cubic silicon carbide (3C-SiC) photoanode. Under AM1.5G 100 mW cm À2 illumination, the NiO-coated 3C-SiC photoanode exhibits a photocurrent density of 1.01 mA cm À2 at 0.55 V versus reversible hydrogen electrode (V RHE ), a very low onset potential of 0.20 V RHE and a high fill factor of 57% for PEC water splitting. Moreover, the 3C-SiC/NiO photoanode shows a high photovoltage of 1.0 V, which is the highest value among reported photovoltages. The faradaic efficiency measurements demonstrate that NiO also protects the 3C-SiC surface against photo-corrosion. The impedance measurements evidence that the 3C-SiC/NiO photoanode facilitates the charge transfer for water oxidation. The valence-band position measurements confirm the formation of the 3C-SiC/NiO pn heterojunction, which promotes the separation of the photogenerated carriers and reduces carrier recombination, thus resulting in enhanced solar water-splitting.
Introduction
The utilization of abundant sunlight is an ingenious solution to the global energy crisis and environmental issues.
1-4 Solardriven photoelectrochemical (PEC) water splitting provides a promising method for conversion of the intermittent solar energy into renewable and storable chemical energy in the form of H 2 . [4] [5] [6] [7] [8] [9] Since the pioneering work of A. Fujishima and K. Honda in 1972, oxides such as TiO 2 , WO 3 , Fe 2 O 3 , and III-V materials have been extensively studied for the PEC water splitting. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] However, either the band gaps of oxides are too large (e.g. TiO 2 , ZnO, etc.) to absorb visible sunlight or their energy band positions do not straddle the water redox potentials (e.g. Fe 2 O 3 , BiVO 4 , etc.).
2,20-24
Silicon carbide (SiC), a stable binary compound made of the earth-abundant elements silicon (Si) and carbon (C), has attracted considerable interest for water splitting because its conduction and valence band positions ideally straddle the water redox potentials. 25, 26 The commercially available SiC materials are hexagonal SiC (4H-and 6H-SiC), which have large bandgaps (E g (6H) ¼ 3.03 eV and E g (4H) ¼ 3.23 eV) and hence absorb only the ultraviolet (UV) part of the solar spectrum to split water. In this respect, cubic SiC (3C-SiC) is a promising semiconductor for PEC water splitting due to its relatively small bandgap of 2.36 eV, which is close to the hypothetical ideal bandgap of 2.03 eV for the theoretical maximum of the solar water splitting efficiency. 27 Most importantly, the conduction and valence band positions of 3C-SiC ideally straddle the water redox potentials. 25, 28 In addition, 3C-SiC exhibits higher saturation dri velocity and higher carrier mobilities than the other SiC polytypes (4H-and 6H-SiC). These carrier transport properties are also critical for efficient water splitting. 29 Recently, Yasuda et al. reported that p-type 3C-SiC can be used as a photocathode for water reduction and achieved a conversion efficiency of 0.001% with a Pt counter electrode. 30 Furthermore, using Pt and Pd nanoparticles as co-catalysts on a p-type 3C-SiC photocathode and RuO 2 as a counter electrode, Ichikawa et al. reported that the applied bias photon-to-current efficiencies (ABPE) of the 3C-SiC/Pt and 3C-SiC/Pd photocathodes were 0.52% and 0.46% at the applied potentials of À0.78 and À0.84 V, respectively. sluggish and thus is regarded as the bottleneck for the PEC water splitting because it involves a four-electron process with high energy barriers. 6 So far, there have been very limited reports on using 3C-SiC as a photoanode for PEC water oxidation. Jun Tae Song et al. reported PEC water oxidation of an ntype 3C-SiC photoanode coated with Pt nanoparticles as a cocatalyst. 28 But the Pt coated 3C-SiC photoanode showed a weak photocurrent and a large onset potential (>0.7 V vs. Ag/AgCl reference electrode in 0.01 M HCl). One major reason for the low PEC performance of 3C-SiC is the lack of high quality 3C-SiC. Compared to 4H-and 6H-SiC which are available from industrial production, the growth of 3C-SiC is still very challenging. In our previous work, we have demonstrated that stateof-the-art quality n-type 3C-SiC can be grown by the sublimation technique. 32 We showed excellent photoluminescence and X-ray diffraction (XRD) results and a considerably long lifetime of holes (8.2 ms), 33 which would facilitate the carrier transport for water oxidation reaction.
One of the most commonly used strategies to improve water oxidation efficiency is the introduction of electrocatalytic materials on the semiconductor surface. NiO is considered as a promising electrocatalyst for water oxidation. Moreover, NiO is a native p-type material and optically transparent to the visible sunlight due to its wide bandgap of 3.6 eV. 34 It has been reported that NiO coating on semiconductor photoanodes can improve the photocurrent densities for water oxidation. 35, 36 To the best of our knowledge, there is no demonstration of an integrated NiO on 3C-SiC photoanode for PEC water splitting.
In this work, we report a rational design of a p-n heterojunction photoanode by combining the unique material properties of 3C-SiC and NiO. By coating the p-type NiO nanoclusters on the n-type 3C-SiC surface, we demonstrate a signicantly enhanced photovoltage and photocurrent together with a substantial decrease of the onset potential in a PEC water splitting cell (Scheme 1). The achieved photovoltage is the highest value and the onset potential is one of the lowest values among all values reported for photoanodes so far. Notably, these results highlight that the nanostructured NiO/3C-SiC heterojunction is a promising photoanode for PEC water splitting.
Experimental section
High crystalline quality 3C-SiC ($1 mm thick) layers were grown on 4 degree off-axis 4H-SiC substrates by the sublimation technique. 32 Then, 350 mm thick free-standing 3C-SiC samples were made by polishing away the 4H-SiC substrates and the interfacial layer. For comparison, the 350 mm thick 3C-SiC samples were cut into two pieces. One piece was used for preparing the 3C-SiC/NiO sample while the other piece was used as a reference. NiO nanoclusters were deposited on the 3C-SiC surface using a high-vacuum sputtering system, similar to a system used in an earlier study to create Fe nanoparticles. 37 In this work, a hollow cathode of Ni was used to sputter material and create a plasma growth regime where the particles nucleate and grow. In order to control the degree of oxidation in the particles, oxygen was introduced into the process at a ow rate of 0.08 sccm. This ensured the synthesis of fully oxidized NiO nanoparticles. Then, the 3C-SiC and 3C-SiC/NiO photoanodes were fabricated by the deposition of 200 nm thick Al ohmic contacts on the backside of the 3C-SiC layer. Finally, the photoanodes were sealed with epoxy resin, so that only the photoanode surface was exposed to solution for light illumination in PEC measurements.
PEC experiments were carried out in a typical three-electrode conguration in 1.0 M NaOH solution (pH ¼ 13.6) using a potentiostat/EIS (Princeton Applied Research, VersaSTAT 3). The solution was purged with high purity (99.999%) Ar gas for over 30 min before the PEC measurement. Light of AM1.5G 100 mW cm À2 illumination is generated from an AAA solar simulator (LOT-Quantum Design GmbH) calibrated using a standard single-crystal Si photovoltaic cell. A Pt plate (1 Â 1 cm 2 ) and Ag/ AgCl (saturated KCl) were used as the counter electrode and the reference electrode, respectively. The j-E measurements were done with a scan rate of 30 mV s À1 . The potential measured with respect to Ag/AgCl (V Ag/AgCl ) was converted to the potential versus reversible hydrogen electrode (V RHE ) using the following equation:
where V 0 is the potential of the Ag/AgCl reference electrode with respect to the standard hydrogen potential. The evolved O 2 and H 2 gases were measured using a micro gas chromatograph (Agilent Technologies 490 Micro GC) in a two-compartment cell. 1.0 M NaOH solution was used as the electrolyte, which was purged with high purity Ar gas for over 30 minutes before the measurement. High resolution XRD (HRXRD) measurements were performed using a Philips MRD with Cu K a1 (l ¼ 1.54Å). AFM measurements were carried out in tapping mode using a Veeco Dimension 3100. UV-vis absorption measurement was done with a Perkin Elmer Lambda 950 UV/VIS setup. Scanning electron microscopy (SEM) and energy dispersive X-ray spectroscopy (EDXS) images were collected using a LEO 1550 Gemini instrument with an acceleration voltage of 10 kV, WD of 8.5 mm, and an X-Max silicon dri detector (Oxford instruments). X-ray photoelectron spectroscopy (XPS) spectra were recorded on a Kratos Ultra photoelectron spectrometer equipped with a monochromated Al K a (1486.6 eV) X-ray source operating at 150 W. The pressure in the analysis chamber was always maintained below 10 À7 Pa during the acquisition process. Highresolution spectra of Ni 2p and O 1s core levels were recorded using a pass energy of 20 eV at q ¼ 0 take-off angle (angle between the specimen surface normal and the detection direction). All spectra were calibrated in energy by setting adventitious carbon C 1s at 284.7 eV (binding energy). In this study, no Ar-etching was carried out before spectra acquisitions. The data were treated with the CasaXPS soware, using Shirley backgrounds and a Gaussian-Lorentzian (70-30 ratio) function to account for the different components.
Results and discussion
The surface morphology of 3C-SiC grown by the sublimation technique was characterized by atomic force microscopy (AFM).
As seen in Fig. 1A , the surface of 3C-SiC is atomically smooth, illustrating regular steps with a terrace width of $50 nm and a step height of $1.5 nm. The step height corresponds to six Si-C bilayers of the SiC crystalline structure (one SiC bilayer height is 0.25 nm), namely, the dimension of two-unit cells of 3C-SiC. The terraces are originally determined with the off-orientation angle (4 ) of Si-face 4H-SiC substrates. The XRD pattern of 3C-SiC shown in Fig. 1B reveals two sharp diffraction peaks, which are assigned to the (111) and (222) reections of 3C-SiC, respectively. The HRXRD u-scan rocking curve of (111) Bragg reections was measured on the 3C-SiC sample with a foot print of 1 Â 2.7 mm 2 (see the inset of Fig. 1B ). The rocking curve is symmetric with a full width at half-maximum (FWHM) value of 27 arcsec. As a comparison, the commercial hexagonal 4H-and 6H-SiC substrates exhibit a FWHM value of the u rocking curve in the range of 10-40 arcsec. 33 The HRXRD result evidences that our 3C-SiC samples possess a high crystalline quality, which is comparable to the commercial hexagonal SiC (4H-and 6H-SiC). The optical properties of 3C-SiC were characterized using the absorption spectra. As seen in Fig. 1C , 3C-SiC shows a rather sharp band-edge absorption, which indicates a high crystalline quality as conrmed by the HRXRD result. The Tauc plot shown in the inset of Fig. 1C yields an optical bandgap of 2.36 eV, which is consistent with the standard bandgap of 3C-SiC. 38 Thus the bandgap of our 3C-SiC samples is favorable for visible sunlight absorption.
NiO nanoclusters were deposited on 350 mm thick 3C-SiC using a high-vacuum sputter system. 37 First, we optimized the thickness of the NiO nanocluster layer by changing the deposition durations from 1 to 8 minutes (see Fig. S1 and S2 †) and found that the 3C-SiC sample with NiO deposition for 4 minutes (approximately a 500 nm thick NiO layer was deposited) exhibited the highest photocurrent (see Fig. S3 †) . Hereaer we shall focus on the 3C-SiC sample with NiO deposition for 4 minutes (denoted as "3C-SiC/NiO" unless stated otherwise). Fig. 1D shows the SEM image of the 3C-SiC/NiO sample. It is seen that a layer of nanoclusters has formed on the surface of 3C-SiC (see also the SEM images of 3C-SiC before and aer NiO deposition in Fig. S2 †) . The EDXS analysis veries that the elemental components of the deposited nanoclusters are only Ni and O (Fig. S2E and F †) . Moreover, the XRD pattern of the 3C-SiC/NiO sample shows typical NiO diffraction peaks from the (111), (200), (220) and (311) reections (Fig. 1E) , which conrms that the deposited layer on 3C-SiC is NiO. To evaluate the optical bandgap of NiO, we measured the absorption spectrum of a thick (>1 mm) NiO sample deposited on ITO because the bandedge absorption of NiO deposited on 3C-SiC was not possible to detect due to the saturation of absorbance from the 350 mm thick 3C-SiC layer. As seen in Fig. 1F , NiO shows a bandgap of $3.52 eV, which is very close to the reported bandgap of 3.6 eV for a p-type NiO layer. 34 This wide bandgap is highly desirable for coating on 3C-SiC due to the optical transparency in the visible sunlight region. As shown in Fig. 1F , the absorption spectrum of the 3C-SiC/NiO sample is identical to that of bare 3C-SiC, indicating the negligible effect of NiO on the visible sunlight absorption.
XPS measurements were performed to determine the surface composition and chemical states of the NiO deposited on 3C-SiC. As shown in Fig. 2A , the Ni 2p spectrum displays two spin-orbit doublets, which are the typical characteristics of the presence of Ni 2+ and have been assigned to Ni 2p 3/2 (853.6 and 855.5 eV), Ni 2p 1/2 (871.4 and 873.3 eV), and their satellites peaks. 39 The tting peak at 853.6 eV (Ni A ) is ascribed to the Ni with local screening from the lattice oxygen adjacent to the Ni 2p core hole, and the tting peak at 855.5 eV (Ni B ) is attributed to the nonlocal screening Ni or the contribution from Ni surface states. 39, 40 The O 1s spectrum shown in Fig. 2B exhibits two peaks at 529.5 and 532.1 eV, which have been attributed to the lattice oxygen and the surface adsorbed hydroxyl groups, respectively. 39 It is noted that both the Ni 2p and O 1s spectra presented here are identical to the reported XPS results of bulk crystalline and nano-scaled stoichiometric NiO, 39 which further conrms that the deposited layer on 3C-SiC is NiO.
The PEC water splitting measurements were carried out using the 3C-SiC and 3C-SiC/NiO samples as photoanodes in a three-electrode system containing a Pt counter electrode and a Ag/AgCl reference electrode. As shown in Fig. 3A , under chopped 100 mW cm À2 AM1.5G illumination, the 3C-SiC/NiO photoanode exhibits a high photocurrent density (j ph ) of 1.01 mA cm À2 at a low potential of 0.55 V RHE . This photocurrent density is 33.6 times higher than that of the bare 3C-SiC photoanode (0.03 mA cm À2 at 0.55 V RHE ). Notably, the 3C-SiC/NiO photoanode shows a much steeper increase of photocurrent, which almost reaches a plateau value at a very low potential of 0.55 V RHE . Meanwhile, the onset potential (E onset ) is negatively shied from 0.40 V RHE for the 3C-SiC photoanode to 0.20 V RHE for the 3C-SiC/NiO photoanode (Fig. 3A) . This negative shi of the E onset indicates that the overpotential of water oxidation is signicantly reduced.
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Another key parameter for the quantitative measurement of a PEC cell's power characteristics is the "ll factor" (ff), which is given by the equation 42, 43 
, where j mp and V mp are the current density and potential at the maximum power point, j sc is the photocurrent density at 1.23 V RHE and E onset is the onset potential. As seen in Fig. 3A , the 3C-SiC/NiO photoanode exhibits a higher ll factor (57%) than the 3C-SiC photoanode (24%). Fig. 3B depicts the ABPE curves for both 3C-SiC and 3C-SiC/ NiO photoanodes. The ABPE is calculated by the equation ABPE ¼ j ph Â (1.23 À |V app |)/P AM1.5G , where j ph is the photocurrent density, V app is the applied potential, and P AM1.5G is the light density of simulated sunlight (100 mW cm
À2
). The 3C-SiC/NiO photoanode demonstrates a maximum ABPE of 0.69% at 0.55 V RHE , which is the highest photoconversion efficiency among those reported for SiC-based photoanodes. 44 As a comparison, the 3C-SiC photoanode shows a much lower maximum ABPE of 0.035% at a higher potential of 0.85 V RHE . Notably, the 3C-SiC/ NiO heterojunction photoanode not only increases the conversion efficiency but also reduces the required potential to reach the maximum photoconversion efficiency. Moreover, the incident photon-to-current efficiency (IPCE) of the 3C-SiC/NiO photoelectrode is also signicantly improved compared to that of the 3C-SiC photoanode (Fig. S4 †) . The IPCE results show that the photocurrent-response curve is consistent with its absorption spectrum. Under the illumination of 1.0 mW cm À2 410 nm LEDs (spectral line width of 10 nm), the 3C-SiC/NiO photoanode exhibits a high IPCE of 31%.
The PEC water splitting and the measurement of evolved H 2 and O 2 gases were carried out in a two-compartment cell to separate the H 2 and O 2 gases. Under steady-state AM1.5G 100 mW cm À2 illumination, the chronoamperometry (j-t) curve of the 3C-SiC/NiO photoanode exhibits a reproducible photocurrent of around 1.0 mA cm À2 at 1.0 V RHE , which is 10 times higher than the photocurrent of the 3C-SiC photoanode (0.1 mA cm À2 ) under the same conditions (Fig. 3C) . Meanwhile, the volumes of O 2 and H 2 gases were measured by gas chromatography to evaluate the faradaic efficiencies (h F ) of H 2 and O 2 . As shown in Fig. 3D and S5, † the 3C-SiC/NiO photoanode exhibits a higher h F of $80% for O 2 production than the 3C-SiC photoanode ($50% h F for O 2 ) at a bias of 1.0 V RHE while the h F for H 2 production is close to 100% for both cases. As seen in Fig. S5 , † with further increasing the thickness of the NiO layer (>1 mm), a higher O 2 evolution efficiency of $90% was obtained at 1.0 V RHE but the photocurrent was decreased to 0.5 mA cm À2 at 1.0 V RHE due to the reduced light transmittance (caused by light scattering) through the thicker nanostructured NiO. The improved O 2 faradaic efficiencies of the 3C-SiC/NiO photoanodes suggest that NiO can also protect the 3C-SiC surface against photo-corrosion. As shown in Fig. 3 , the 3C-SiC/NiO photoanode clearly demonstrates signicant improvements of PEC water splitting performances including enhanced photocurrent and reduced onset potential. For the 3C-SiC photoanode, an onset potential of 0.40 V RHE is substantially anodic of its at-band potential of À0.22 V RHE , which is determined by Mott-Schottky measurements (see Fig. S6 †) . This large overpotential of the 3C-SiC photoanode is thought to be caused by the slow kinetics of water oxidation which results in hole accumulation and the subsequent carrier recombination at the photoanode surface. 41 However, this sluggish water oxidation issue might be signicantly alleviated in the 3C-SiC/NiO photoanode because the NiO deposition on the 3C-SiC surface could form a p-n heterojunction that would promote the separation of the photogenerated electron-hole pairs and thus suppress carrier recombination. This explains the dramatic shi of the onset potential and the signicant increase of the photocurrent in the 3C-SiC/NiO photoanode.
To understand the enhanced PEC performance of the 3C-SiC/NiO photoelectrode, we performed photovoltage measurements under open circuit conditions. In the dark, the equilibrium between the photoanode and the electrolyte dictates that the open-circuit potential (OCP) of the photoanode represents the position of the Fermi level. Under illumination, the photogenerated electron-hole pairs are separated by the built-in electric eld in the space charge region. The electric eld drives the majority carriers into the bulk of the semiconductor and the minority carriers toward the photoanode/electrolyte interface, which would generate a eld opposing the built-in electric eld in the space charge region. This photogenerated potential results in a negative shi of the measured Fermi level. As seen in Fig. 4A , under AM1.5G 100 mW cm À2 illumination, the open-circuit potentials of the 3C-SiC and 3C-SiC/NiO photoanodes are negatively shied to 0.51 V RHE and 0.22 V RHE , respectively, which are consistent with their onset potentials shown in Fig. 3A . The difference between the measured OCPs in the dark and under illumination represents a photovoltage (V ph ) generated in the photoanode. As seen in Fig. 4A The larger photovoltage of the 3C-SiC/NiO photoanode is consistent with the results of the enhanced photocurrent and reduced onset potential. In principle, the separation of the photogenerated carriers ultimately determines the photovoltage, photocurrent, and power characteristics of a PEC water splitting cell. Thus, these enhanced PEC factors of the 3C-SiC/ NiO photoanode are caused by the presence of the 3C-SiC/NiO p-n heterojunction that promotes the charge separation and thus reduces the carrier recombination. This is supported by the measurement of the OCP decay time aer turning off the light. As seen in Fig. 4A , the OCP decay time (42.9 s) of the 3C-SiC/NiO photoanode is 7 times longer than the decay time (6.0 s) of the 3C-SiC photoanode. The slower OCP decay time in the 3C-SiC/NiO heterojunction photoanode indicates a longer carrier lifetime, 48 which suggests that the carrier recombination might be signicantly suppressed in the 3C-SiC/NiO photoanode and thus more carriers can reach the photoanode/ electrolyte interface to contribute to PEC water splitting.
To conrm the formation of the 3C-SiC/NiO p-n heterojunction, we measured the valence band positions of 3C-SiC and NiO on 3C-SiC by XPS. As seen in Fig. 4B , the obtained valence band (E VB ) positions are 2.15 eV for 3C-SiC and 1.33 eV for NiO deposited on 3C-SiC with respect to the Fermi energy (E F ¼ 0 eV), respectively. These values agree with the n-type nature of 3C-SiC and p-type nature of NiO.
49 Fig. 4C illustrates the schematic band structure of the 3C-SiC/NiO p-n heterojunction according to the obtained E VB positions. Clearly, under light illumination, the built-in electric eld in the 3C-SiC/NiO p-n heterojunction would sweep photogenerated electrons into the bulk of 3C-SiC and holes toward NiO, thus enhancing the carrier separation.
To further understand the carrier transport properties across the photoanode/electrolyte interface, electrochemical impedance spectroscopy (EIS) measurements were performed in the frequency range of 10-10 5 Hz under open-circuit conditions. illumination, respectively. The EIS data are tted using the equivalent circuits shown in the insets of Fig. 5A and B. As the photoelectrode/electrolyte systems exhibit phase angles lower than À90 in the Bode phase plots (Fig. S7 †) , which is typically ascribed to the non-ideal capacitive behavior, the constant phase elements (CPE) are used instead of the standard capacitance (C) in equivalent circuits. 50 Under dark conditions, an equivalent circuit consists of series resistance (R s ), chargetransfer resistance (R ct ) from the semiconductor bulk to its surface, and the constant phase element of the space-charge capacitance (CPE SC ). It is known that the diameters of the semicircles in the Nyquist plots represent the R ct of the photoanode. As depicted in Fig. 5A , the 3C-SiC/NiO photoanode exhibits a smaller semicircle (lower R ct ) than the 3C-SiC photoanode. The tted values of R ct for the 3C-SiC and 3C-SiC/NiO photoanodes are 1300 and 880 U cm 2 (Table S1 †), respectively.
This clearly demonstrates that the 3C-SiC/NiO heterojunction structure signicantly reduces the resistance for charge-transfer at the electrode/electrolyte interface. Under AM1.5G 100 mW cm À2 illumination, two-semicircle features are apparent in the Nyquist plot (Fig. 5B) . To interpret the EIS data, the charge-transfer resistance from the photoanode to the electrolyte (R ct, trap ) and the corresponding capacitance (CPE trap ) are included in the equivalent circuit.
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Compared to 3C-SiC, 3C-SiC/NiO exhibits smaller semicircles, indicating smaller values for both R ct and R ct, trap (see the tted values in Table S1 †). This further conrms that the 3C-SiC/NiO photoelectrode possesses a small charge-transfer resistance from the photoanode to electrolyte for water oxidation.
Conclusions
In summary, we have demonstrated a signicantly enhanced PEC water splitting performance using a nanostructured NiO/ 3C-SiC p-n heterojunction as a photoanode. Under simulated AM1.5G 100 mW cm À2 illumination, the 3C-SiC/NiO photoanode exhibits a high photovoltage of 1.0 V, a photocurrent density of 1.01 mA cm À2 at 0.55 V RHE , a high ll factor of 0.57%, and a very low onset potential of 0.20 V RHE . The faradaic efficiency measurements show that NiO also protects the 3C-SiC surface against photo-corrosion. The valence band positions of 3C-SiC and NiO on 3C-SiC measured by XPS evidence the formation of the 3C-SiC/NiO p-n heterojunction, which promotes the separation of the photogenerated carriers and suppresses the carrier recombination. The EIS measurements conrm that the 3C-SiC/NiO photoanode facilitates the charge transfer across the photoanode/electrolyte interface for water oxidation. In this work, by combining the unique material properties of both 3C-SiC and NiO, we show a rational design strategy to fabricate a heterojunction photoanode for synergetic enhancement of solar water splitting performance.
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